Background/Aims: This experimental study was designed to investigate protective and therapeutic effects of Dexpanthenol (Dxp), an alcoholic analogue of pantothenic acid, on kidney damage induced by ischemia-reperfusion (I/R) in rats. Methods: Forty rats were randomly divided into a control group and 4 I/R groups (1 h ischemia followed by 23 h reperfusion). Three I/R groups were treated by Dxp (500 mg/kg, i.p.) at 3 different time points (before ischemia, during ischemia and late reperfusion). The histopathological findings including apoptotic changes, and also tissue malondialdehyde (MDA), superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX), blood urea nitrogen (BUN), serum creatinine (Cr) and albumin (Alb) levels were determined. Results: Kidney tissue MDA levels were found to be significantly higher in the I/R group, whereas the values of GPX were lower when compared to the control group. The levels of SOD and CAT did not reach to statistical meaning level in I/R group. Dxp given during ischemia reduced the elevated MDA levels to the nearly control levels and this ameliorating effect was found as parallel to the result of GPX. Serum levels of BUN and Cr were significantly higher in I/R group. Dxp given during ischemia significantly reduced the elevated BUN and Cr levels when compared to I/R group. Renal I/R injury also induced extensive tubular necrosis, glomerular damage and apoptosis in the histological evaluation. Dxp ameliorated these histological damages in different amounts in all treatment groups. Conclusion: In this study the protective effects of Dxp against renal I/R injury has been evaluated for the first time.
Introduction
Many conditions; such as sepsis, shock, hydronephrosis, open renal stone surgery, partial nephrectomy, renal transplantation and renal artery's revascularization, may cause ischemic injury in the kidneys [1] [2] [3] [4] . The term ischemia refers to a lack of blood flow, which leads to insufficient oxygen and nutrient supply to tissue, resulting in tissue damage. Although the restoration of blood flow, called reperfusion, is the only way to save the kidney tissue from eventual necrosis, it often exacerbates renal dysfunction, including inflammatory cell infiltration, production of oxygen-derived reactive oxygen species (ROS) and microvascular damage. After the reperfusion of ischemic tissue, ROS-a main cause of reperfusion injurycan form. Paradoxically, the reperfusion of ischemic tissue leads to more severe damage than the ischemic injury itself. A number of studies have been conducted regarding the role of ROS and the inflammatory process in the pathophysiology of renal ischemia-reperfusion (I/R) injury [5] [6] [7] .
In contrast to oxidative stress, which occurs immediately after reperfusion, the inflammatory response can last a long time and cause irreversible tissue damage [8] [9] [10] . All of these hazardous events can lead to undesirable conditions, including hypertension and renal failure [11] . Although, several antioxidants and anti-inflammatory agents have been used to prevent or decrease the kidney damage that can be caused by I/R injury [12] [13] [14] [15] , there have been no studies on the protective and therapeutic effects of dexpanthenol (Dxp) against renal I/R injury.
Dexpanthenol (D-panthenol; (+)-2,4-dihydroxy-N-(3-hydroxypropyl)-3,3 dimethylbutyramide) (Dxp), an alcoholic analogue of pantothenic acid (PA), is oxidized to PA within tissues [16] . It is well established that PA and its derivatives increase the level of reduced glutathione (GSH), Coenzyme A (Co A) (especially mitochondrial Co A) and adenosine-5'-triphosphate (ATP) synthesis within the cell [17] [18] [19] . All of them play a major role in cellular defence and in the repair systems against oxidative stress and the inflammatory response [20, 21] .
This experimental study was designed to investigate the protective and therapeutic effects of Dxp on kidney damage induced by I/R in an in vivo rat model. To examine these effects, we evaluated histopathological findings, including apoptotic changes; biochemical analyses were performed for the determination of tissue malondialdehyde (MDA), superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX), blood urea nitrogen (BUN), serum creatinine (Cr) and albumin (Alb) levels.
Materials and Methods

Animals and Experimental Protocol
The experimental protocol in our study was approved by the Ethical Committee on Animal Research of Inonu University. The Guidelines for Animal Research from the National Institutes of Health publication were followed for all experimental procedures. Forty male, post-pubertal (10-12 weeks) Wistar Albino rats, weighing 250-300 g, were obtained from Inonu University Laboratory Animals Research Center and maintained in a temperature-(21 ± 2° C), humidity-(60 ± 5%) and light-(12: 12-h light and dark cycle) controlled room on a standard commercial pellet diet and water ad libitum.
The rats were randomly divided into 5 groups (n = 8) as follows: group 1 -control, only underwent right nephrectomy; group 2 -I/R; group 3 -500 mg/kg Dxp (Bepanthene ampul with electric clippers and then prepared with povidone-iodine (Poviiodeks ® , Kim-Pa Corporation, Istanbul, Turkey). During the surgical procedures, aseptic conditions were maintained in a local sterile environment. Following preparation of the surgical area, midline laparotomies were carried out and right nephrectomies were performed on all animals in all groups. After the right nephrectomies, no further surgical procedures were performed for 30 min to allow for circulatory adjustment. Then, the left renal artery and vein were occluded together by an atraumatic clamp for 60 min. Following 60 min of ischemia, a reperfusion period was started by removing the clamp. Re-initiation of pulsation through the vessel was confirmed visually. After controlling the bleeding, the skin and skin textures were sutured again. After 24h, the animals were sacrificed with high doses of the anaesthesia mixture, and the kidneys were quickly removed, decapsulated, and divided equally into two longitudinal sections. One of these sections was placed in formaldehyde solution for routine histopathological examination by light microscopy. The other half of the kidney was placed in liquid nitrogen and stored at -70 °C until assayed for MDA, SOD, CAT and GPX. Trunk blood was extracted to evaluate serum levels of BUN, Cr and Alb using an Olympus Autoanalyzer (Olympus Instruments, Tokyo, Japan).
Biochemical Analyses
Determination of MDA. The MDA contents of the homogenates were determined spectrophotometrically by measuring the presence of thiobarbituric acid reactive substances [24] . Three ml of 1% phosphoric acid and 1 ml 0.6% thiobarbituric acid solution were added to 0.5 ml of homogenate pipetted into a tube. The mixture was heated in boiling water for 45 min. After the mixture cooled, the coloured part was extracted into 4 ml of n-butanol. The absorbance was measured by spectrophotometer (UV-1601; Shimadzu, Kyoto, Japan) at 532 and 520 nm. The amount of lipid peroxides was calculated as thiobarbituric acid reactive substances of lipid peroxidation. The results were expressed in nmol/g tissue, according to a prepared standard graph.
Determination of SOD activity. Total SOD activity was determined according to the method of Sun et al. [25] . The principle of the method is the inhibition of nitroblue tetrazolium (NBT) reduction by the xanthinexanthine oxidase system as a superoxide generator. One unit of SOD was defined as the amount of enzyme causing 50% inhibition in the NBT reduction rate. SOD activity was expressed in U/g protein.
Determination of CAT activity. CAT activity was determined according to a method developed by Aebi [26] . The principle of the assay is based on the determination of the rate constant (k, s Determination of GPX activity. GPX activity was measured by the method of Paglia and Valentine [27] . An enzymatic reaction in a tube containing NADPH, reduced glutathione (GSH), sodium azide and glutathione reductase was initiated by adding H 2 O 2 ; the change in absorbance at 340 nm was observed using a spectrophotometer. Activity was expressed as U/mg protein.
Histological Analyses
The kidney tissues were fixed in a 10% formalin solution, and then embedded in paraffin. The 5 μ cut sections were stained with haematoxylin and eosin (H&E). For immunohistochemical analyses, thick sections were mounted on polylysine-coated slides. After rehydrating, the samples were transferred to citrate buffer (pH 7.6) and heated in a microwave oven at 65 °C for 20 min. After cooling for 20 min at room temperature, the sections were washed with phosphate buffered saline (PBS). Then the sections were kept in 0.3% H 2 O 2 for 7 min, followed by a wash with PBS. Subsequently, the sections were incubated with primary rabbit-polyclonal cysteine aspartate specific proteinase (caspase-3) (Neomarker, USA), rinsed in PBS and then incubated with biotinylated goat anti-polyvalent for 10 min and streptavidin peroxidase for 10 min at room temperature. The staining procedure was completed with chromogen+substrate for 15 min and the slides were counter-stained with Mayer's haematoxylin for one min. Caspase-3 was used according to the manufacturer's instructions with a minor revision. The histological kidney tissue slides were semiquantitatively evaluated and graded as follows: 0, normal; I, areas of tubular epithelial cell necrosis and desquamation involving < 25% of cortical tubules; II, similar changes involving 25-50% of cortical tubules; III, similar changes involving 50-75% of cortical tubules; and IV, similar changes involving > 75% of cortical tubules.
Semi-quantitative Evaluation
The tissue sections were evaluated for the presence of tubular necrosis and apoptosis. Tubular necrosis areas (the areas full of necrotic tubular epithelial cells) were measured in ten different fields using the Leica Q Win Image Analysis System (Leica Micros Imaging Solution Ltd., Cambridge, UK). Caspase-3 staining was also evaluated semi-quantitatively as weak, moderate and strong according to the intensity of staining and quantity of stained tubules. Stained tubules with caspase-3 were detected by counting 100 tubules on the slides and were classified into one of the three intensity categories. The sections were examined using a Leica DFC 280 light microscope by an experienced observer unaware of the identity of the animal treatment groups.
Statistical Analysis
For detecting even minor effects, the required sample sizes used in this experiment were identified using statistical power analysis. The sample sizes necessary for a power of 0.80 were estimated using NCSS software. Data were analysed using the SPSS software program for Windows, version 15.0 (SPSS Inc., Chicago, IL). The normality of the distribution was confirmed using the Kolmogorov-Smirnov test. According to the results obtained from the normality test, one-way analysis of variance (ANOVA) and the KruskalWallis H test were used for the statistical analysis, as appropriate. Multiple comparisons were carried out by Tamhane's test after the ANOVA test. The results are expressed as mean ± standard deviation (S.D.). After a significant Kruskal-Wallis H test, a Conover test was also carried out for Alb and Cr. Results were considered statistically significant at P < 0.05. The values were given as median (min-max).
Results
Body and Kidney Weight
No animals died during or after the injections or surgical procedures. There were no differences between the body weights before and after the experiments among the groups (data not shown). The kidney weights of the I/R rats were significantly higher than those of the control group; treatment with Dxp did not reduce weights to the levels of the control group (Table 1) .
Effect of Dxp on Serum Parameters
As shown in Table 1 , briefly, serum levels of BUN and Cr were significantly higher in the I/R group (139 ± 8.44 and 2.02 ± 0.24 mg/dL, respectively) when compared to the There were no histological alteratio-ns in group 1 ( Fig. 2A) . On the other hand, group 2 had extensive tubular necrosis, mainly located at the proximal tubules. In addition, some of the glomeruli were damaged. Dilatation of glomerular capillaries, congestion and enlargement of Bowman's space were observed in the affected glomeruli (Fig. 2B) . The tubular necrosis area was decreased in groups 3 (Fig. 2C) and 4 (Fig. 2D) and it was not as extensive as in control group (28.86 ± 2.23 and 0.58 ± 0.02 mg/dL, respectively). In group 5 (Dxp given 30 min after the beginning of ischemia), the elevated BUN and Cr levels were significantly lower than those in the I/R group. The I/R procedure did not significantly change the levels of Alb when compared to the control group (0.85 (0.7-1.1) g/dL vs. 1.10 (0.7-1.1) g/dL, respectively).
Effect of Dxp on I/R-Induced Changes in Kidney Tissue Enzymes and Lipid Peroxides
As shown in Table 2 , kidney tissue MDA levels were found to be significantly higher in the I/R group (142 ± 14 vs. 86 ± 7 nmol/g tissue), whereas the values of GPX were lower when compared to the control group (1.57 (1.15-1.97) vs. 2.34 (1.76-3.27) U/mg protein, respectively). Although the levels of SOD and CAT in the I/R group did not reach a statistically meaningful levels when compared to the control group, they were found to have a tendency to decrease when compared to the control group.
In group 5 (Dxp given 30 min after the beginning of ischemia), the elevated MDA levels were reduced nearly to control levels. This ameliorating effect was found to parallel the GPX result in group 5. Dexpanthenol treatment elevated the levels of SOD, CAT and GPX enzyme activities in group 3 and group 4 when compared to the I/R group. Unfortunately, Dxp treatment did not show a beneficial effect on SOD or CAT activities in group 5.
Histological Results group 2. However, the difference was not found to be statistically significant between group 2 and these groups. On the other hand, the degree of reduction in the areas of tubular necrosis was more obvious in group 5 than in groups 3 and 4. The histological appearance of group 5 was similar to group 1, except for mild tubular epithelial desquamation (Fig. 2E) . Interstitial congestion and haemorrhage were present in groups 2, 3 and 4.
Caspase-3 examination revealed no apoptotic cells in group 1 (Fig. 2F) . However, in group 2, caspase-3 positive cells were found to be significantly increased when compared with group 1 (Fig. 2G) . Treatment was found to be more effective in preventing apoptosis in group 3 (Fig. 2H) than in group 4 (Fig. 2I) . On the other hand, Dxp administration in group 5 significantly reduced the expression of apoptotic cells (Fig. 2J) . The colour density and the number of caspase-3 stained tubular cells were lower in group 5 than in groups 3 and 4. The results of the morphometric analysis of renal tubular necrosis and semi-quantitative histological examination after staining with caspase-3 are shown with ratios in Table 3 -5.
Discussion
Renal I/R injury causes both intracellular injury and inflammatory reactions, which are related to each other. Aerobic cells, which need oxygen to supply energy, are affected by this injury, and organ failure, especially heart, brain, liver and kidney, can be induced by [10] . Ischemia of the kidney, the beginning of the injury process, can be caused by sepsis, shock, hypotension [28] , hydronephrosis, renal stone surgery, partial nephrectomy, renal transplantation, renal artery revascularization and cardiothoracic surgery [1] [2] [3] [4] 29] , and can eventually cause acute renal failure. Ischemic injury begins with the reduction of energy production in the mitochondria, so depletion of energy substrates occurs within the cell. Therefore, cellular ion imbalance and an increase of protease and phospholipase activities exist and cause an increase in cell membrane permeability. Depending on the duration of the ischemic injury, a necrotic type of cell death can occur [10] .
On the other hand, the tissue also experiences harmful events during the reperfusion period following ischemia. Oxidative stress, due to the overproduction of ROS and a decrease in the antioxidant level, plays a major role in the formation of I/R injury [29] [30] [31] . This starts with the maintenance of reperfusion and leads to membrane lipid peroxidation, oxidation of cell proteins, damage to the DNA helix and cell death [8, 10, 32] . The reperfusion period following ischemia also initiates an inflammatory response cascade. The dead cells, which release ROS, and pro-and anti-inflammatory cytokines and endothelial and macrophagelike cells, which are prompted by ionic reactions, can cause this inflammatory response [10] . This response can last a long time and causes irreversible tissue damage [8] [9] [10] . Many drugs, which can block the oxidative stress and inflammatory response cascade, have been used to prevent or decrease I/R injury of the kidney in experimental studies [14, 15, [33] [34] [35] [36] [37] .
It has been demonstrated that the I/R model induced by clamping the renal bed vessels was properly validated in order to evaluate the effects of different drugs in the context of kidney injury. Dexpanthenol, which is oxidized to PA within tissues [38] , has antioxidant and anti-inflammatory effects [22] in addition to its cellular repair capability [8] . There are many studies related to the effect of PA and its derivatives in protecting tissue from ROS activities [17] [18] [19] 39] . In similar experimental I/R injury studies, Dxp was shown to be effective in protecting testicular tissue after testicular torsion [23, 40] . In these studies, when administered i.p. after 90 min of torsion, and 30 min before detorsion, Dxp was reported to decrease lipid peroxidation and tissue damage, and protect testicular tissue against atrophy.
In the current study, we demonstrated that renal I/R induced an increase in MDA levels by causing lipid peroxidation; whereas Dxp, when used before the reperfusion period at a dose of 500 mg/kg, decreased MDA values. MDA is an important sign of oxidative stress and increases due to lipid peroxidation, which is one of the harmful consequences of I/R injury [41] . In the renal vascular bed, I/R rapidly results in cellular injury associated with lipid peroxidation. As lipid peroxidation is the main pathway for radical tissue damage, irrespective of the source of free radicals, blocking this pathway appears to be an attractive strategy to protect the kidney from ROS-mediated damage [12] . Although, none of the usage types of Dxp reduced MDA values to control levels, Dxp, given 30 min after the start of ischemia, caused significant reduction when compared to the I/R group alone.
Pantothenic acid and its derivatives play a part in the disposal of ROS by increasing GSH and the repair of cell membranes and tissue injury by increasing CoA and ATP synthesis, which produce phospholipids and cholesterol in the cell [8, 20, 42] . In addition to many properties within the cell cycle, GSH and GPX are two important components of the protective mechanism of the cell against lipid peroxidation and the oxidative stress, both of which occur during I/R injury [20, 43] . In the current study, renal I/R injury caused a decrease in GPX levels. However, Dxp given before the reperfusion period increased GPX activity. The most dramatic increase was seen when Dxp was used during the ischemic period.
The reduction in levels of SOD and CAT were not statistically significant in the I/R group when compared to the control group. Superoxide dismutase and CAT are the antioxidant enzyme components of the defence mechanism against ROS activities. Increased levels of these enzymes protect the tissue during renal I/R injury [44, 45] . Unfortunately, renal I/R injury induces a reduction in antioxidant enzymes. At the same time, it was shown that ischemia has potency to increase mRNA level of CAT and SOD, whereas, reperfusion decreases mRNA level of CAT. On the other hand, manganese-SOD remains high during reperfusion [46] . Also, the elevation in level of SOD in renal I/R injury was reported in the other studies [47, 48] . In the literature, it was recently clearly shown that Dxp has free radical scavenger effects and anti-oxidative properties. Based on this relationship, Slyshenkov et al. [19] reported that PA and pantothenol ameliorate enzyme activities (GPX, CAT, malic enzyme, etc.) in liver tissue. In accordance with previous reports, in the Dxp treatment groups, there were increases in the activities of both SOD and CAT when Dxp was used before the reperfusion period (groups 3 and 5). However, the main elevations were seen when Dxp was administered before the ischemic period (group 5), which is in accordance with the known antioxidant function of Dxp. One of the possible explanations for the surprising values in group 4 (Table 2) is the probable presence of Dxp in the renal tissue. However, there was not enough time for the Dxp to be effective, which is why the enzyme levels were low when compared with the other groups. The other possible explanation is that Dxp given in late reperfusion period (group 4) caused an additional consumption of the antioxidants that were utilized and reduced progressively due to I/R injury. However, we need further investigations to understand the real mechanism(s).
Renal I/R caused elevation of BUN and Cr levels in serum when compared to the control group. One of the other important findings of our study was an improvement of serum levels of BUN and Cr with Dxp, especially when it was used during ischemia, before the reperfusion period. However there was no significant amelioration in the other treatment groups. Elevation of serum BUN and Cr levels is a sign of deterioration of glomerular function, which causes kidney failure over time [13] . Recently, it has been reported that for humans, serum Cr, in association with certain other clinical characteristics, may be a more accurate measure of GFR than Cr clearance. This impairment in glomerular function was accompanied by an increase in BUN. Serum Cr concentration is more significant than BUN level in the earlier phases of kidney disease. On the other hand, BUN begins to rise only after a marked renal parenchymal injury occurs. These findings are compatible with the ischemic lesion related to renal damage [49] .
According to our findings, which paralleled the histopathological evidence, administration of Dxp abolished certain I/R injury effects, such as the decreased level of GPX or the increased levels of MDA, BUN and Cr. The kidney weights of the I/R rats were significantly higher than those of the control group. Renal I/R injury also induced extensive tubular necrosis, glomerular damage and apoptosis in the histological evaluation. However, Dxp ameliorated this histological damage in varying amounts in all treatment groups (Fig.  2) . Many studies have shown that renal I/R injury causes alterations in renal blood flow via microvascular injury and impaired renal vascular reactivity, and as a consequence, infiltration of inflammatory cells, tubular epithelial cell injury, glomerular damage, apoptosis and fibrosis occur [50] [51] [52] [53] [54] [55] [56] . In the current study, Dxp given during the ischemic period decreased the area of tubular necrosis and improved the apoptotic changes confirmed by caspase-3 staining. Although I/R injury increased the kidney weights, Dxp administered during ischemia reduced them in the current study.
Conclusion
In this study, the beneficial effects of Dxp on renal I/R injury were evaluated for the first time. Dexpanthenol, given at a dose of 500 mg/kg (i.p.) during the ischemic period, ameliorated the kidney damage that occurred after I/R injury. The beneficial changes in biochemical parameters, including antioxidant status, BUN and Cr levels were also associated with parallel changes in the histopathological appearance of the tissue.
In summary, Dxp, provitamin B5, is cheap, readily available and considered safe. Based on our results, after further clinical and experimental trials, Dxp could be used during the ischemic period and before reperfusion to protect the kidney against many types of I/R injury.
